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,QWURGXFWLRQ
,QJHQHUDOWKHHQHUJ\PDUNHWKDVEHHQFRQVLGHUHGWREHKLJKO\VHQVLWLYHDQGH[HUWVDKLJKYRODWLOLW\$GGLWLRQDOO\
ZLWKWKHUHYLVLRQVRIQDWLRQDOREMHFWLYHVDQGFKDQJLQJRISROLWLFDOSULRULWLHVHQHUJ\SROLFLHVDUHGLIILFXOWWRIRUHFDVW
8QGHUXQFHUWDLQIUDPHZRUNVDQGG\QDPLFLW\LQPDUNHWVSUHGLFWLQJDQHOHFWULFLW\SULFHLQWKHORQJUXQLVFRQVLGHUHG
WR EH D WHGLRXV WDVN +RZHYHU ZLWK WKH HYROXWLRQ RI YROXPHV RI HQHUJ\ UHVHDUFK FRQGXFWHG DW WKH (8 OHYHO D
VLPXODWLRQVWXG\XQGHUYDULRXVVHWVRIK\SRWKHWLFDOVFHQDULRVFDQRIIHUDSRWHQWLDOFOXHRQWKHPRYHPHQWRIIXWXUH
UHWDLOHOHFWULFLW\SULFHV
7KHIRUHFDVWLQJRIYDULRXVDVSHFWVRIHQHUJ\FDQEHVLJQLILFDQWWRSROLWLFLDQVEXVLQHVVHVLQGXVWULHVDQGDFDGHPLF
UHVHDUFKHUV$Q DGYDQFHPHQW RI WKH HQHUJ\ VXEMHFW SDUWLFXODUO\ LQ SUHGLFWLRQ IRUHFDVWLQJ DQGPRGHOOLQJ FDQ EH
REVHUYHGDFURVV WKHLQGXVWU\)RU LQVWDQFH6LVRGLDDQG6RDUHV>@SURSRVHGPDFUROHYHO LQYHVWPHQWVGHWHUPLQDQWV
PRGHO WKURXJK SDQHO GDWD DQDO\VLV 6LPLODU PRGHOV ZHUH SURSRVHG LQ WKH DUHD RI HQYLURQPHQW > @ DQG SRZHU
FRQVXPSWLRQ>±@
7KHUHJXODWLRQVLQHQHUJ\PDUNHWVKDYHEHHQREVHUYHGWRKDYHDFDVXDOHIIHFWRQWKHLQYHVWPHQWV6LVRGLDHWDO
>@ VWXGLHG WKH HIIHFWV RI UHJXODWLRQV RQ LQYHVWPHQWV 7KH\ KDYH VWXGLHG WKH PRGHO ZLWK SULFH DV D YDULDEOH WR
FDOFXODWHUHWXUQVRQLQYHVWPHQW,IIRUHFDVWLQJRIHQHUJ\LVFRQVLGHUHGDVDVHSDUDWHGRPDLQWKHQPDQ\LQVWDQFHVRI
PRGHOOLQJ DQG IRUHFDVWLQJ LQ WKH VKRUW UXQDUHREVHUYHG$FULWLFDO UHYLHZRI OLWHUDWXUHRQ VKRUW UXQPRGHOOLQJ LV
SUHVHQWHGE\6LVRGLDHWDO>@DQG6XJDQWKL	6DPXHO>@,QPRVWRIWKHVWXGLHVUHYLHZHGE\6XJDQWKL	6DPXHOD
PL[ RI GLIIHUHQW IRUHFDVWLQJ PHWKRGRORJLHV IRU H[DPSOH DUWLILFLDO QHXUDO QHWZRUNV WLPH VHULHV K\EULG
PHWKRGRORJLHVHWFZHUHFRQVLGHUHG WREH WKH ODWHVW WUHQG LQ VKRUW UXQVHOHFWULFLW\ IRUHFDVWLQJ UHVHDUFK+RZHYHU
6LVRGLDHWDO >@PHQWLRQ WKDWGHVSLWH ORQJUXQSULFHIRUHFDVWLQJUHVHDUFKEHLQJYHU\DWWUDFWLYH WR LQYHVWRUVDGXH
FRQWULEXWLRQ LV QRW IRXQG LQ OLWHUDWXUH 7KHUHIRUH XQGHU DQ DVVXPSWLRQ WKDWZLQG DQG VRODUZLOO EH WKH GRPLQDQW
WHFKQRORJLHVIRUSRZHUJHQHUDWLRQLQWKHIXWXUHWKLVVWXG\SURSRVHVDK\SRWKHWLFDOIUDPHZRUNWRSUHGLFWHOHFWULFLW\
SULFHVLQWKHORQJUXQ
6XEPRGHO
2.1. Project evaluation and capacity utilization 
,QJHQHUDOPD[LPXPSURILWVWKDWDQHQHUJ\JHQHUDWRUFDQDWWDLQDUHWKURXJKXWLOL]LQJWKHPD[LPXPFDSDFLW\RI
DQHQHUJ\JHQHUDWLQJSODQW,QPDQ\FDVHVDVGLFWDWHGE\HQHUJ\GHPDQGJHQHUDWLRQYDULHVGXULQJWKHGLIIHUHQW
SHULRGV RI GD\V DQG VHDVRQV 7KHUHIRUH PD[LPXP XWLOL]DWLRQ RI HQHUJ\ SODQW IRU JHQHUDWLRQ RI HQHUJ\ DQG
VXSSO\LQJRI HQHUJ\ WRJULG LVPDQ\ WLPHV LQTXHVWLRQ$GGLWLRQDOO\ZLWK WKHJULGSULRULW\SROLFLHV DQG
(8¶V UHQHZDEOH WDUJHWV   HQHUJ\ JHQHUDWLRQ IURP IXOO FDSDFLW\ PD\ QRW EH SRVVLEOH IRU FHUWDLQ HQHUJ\
JHQHUDWLQJSODQWV)RULQVWDQFHUHQHZDEOHHQHUJ\VRXUFHV5(6KDYHJULGSULRULW\RYHUWKHUPDOSODQWV
)XUWKHUKLJKHUSXEOLFDQGSULYDWHLQYHVWPHQWVLQHQHUJ\VHFWRUKDVJUHDWHUUROHWRSOD\LQDWWDLQLQJWKHORQJUXQ
VXVWDLQDELOLW\ LQHQHUJ\JHQHUDWLRQ7KURXJKWKHHFRQRPLFIUDPHZRUNRIGHPDQGDQGVXSSO\ LWFDQEHPHQWLRQHG
WKDW KLJKHU VXSSO\ RI HQHUJ\ OHDGV WR UHGXFWLRQ RI HOHFWULFLW\ SULFHV'HQPDUN KDV SURSRVHG WR VXSSO\  RI
UHQHZDEOHHQHUJ\LQLWVHOHFWULFLW\PL[E\>@7KXVWKH³ORQJUXQ´UHSUHVHQWVSUHGLFWLRQVIRUWKH\HDU
$OVR WKHSULFHZLOOKDYHVXEFODVVLILFDWLRQDV³KRXVHKROGSULFHV´DQG³LQGXVWULDOSULFHV´$GGLWLRQDOO\ IRUHFDVWHG
GDWDLVDOVRDYDLODEOHWKURXJK(QHUJ\3ODQ(QHUJ\SODQHX7KHUHIRUHZHFKRVH'HQPDUNDVLWLVDXQLTXHPDUNHW
)XUWKHUDVWKH'HQPDUNIDYRXUV5(6RYHUIXHOEDVHGHQHUJ\JHQHUDWLRQWKHVXSSO\RIHQHUJ\WKURXJKVRXUFHVVXFK
DVWKHUPDOJDVQXFOHDUHWFPD\UHGXFHLQQHDUIXWXUH'HQPDUNKDVDOPRVWQRK\GURSRZHU>@VRZHKDYHQRW
FRQVLGHUHGK\GURSRZHUJHQHUDWLRQLQWKLVPHWKRGRORJ\
,QWKH)LJZHSURSRVHWRFRQVLGHUDILQDQFLDOHYDOXDWLRQRIPDMRUHQHUJ\JHQHUDWLQJSODQWVRQWKHEDVLVRISHU
0:HQHUJ\JHQHUDWLRQFRVWYHUVXVFDVKLQIORZV7KHWRWDOFRVWRISHU0:JHQHUDWLRQLVDIXQFWLRQRILQVWDOODWLRQ
FRVWRYHUWKHSURMHFWOLIHF\FOHIL[HGFRVWDQGYDULDEOHFRVW
 
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
)LJ3URMHFWHYDOXDWLRQDQGHQHUJ\PL[
3URMHFWVFDQEHFODVVLILHGDV5(6DQGQRQ5(6IRUHYDOXDWLRQDQGDYHUDJHDQQXDOGHPDQGDQGJHQHUDWLRQFDQEH
GHWHUPLQHG WKURXJKPDWKHPDWLFDO VLPXODWLRQV$ IHZRI VXFKPHWKRGVKDYHEHHQDOVR UHIHUUHGE\/LQHW DO >@
6DQFKHQHWDO >@)DUXTXLHWDO >@+RZHYHU WKHHQHUJ\JHQHUDWLRQ LVD IXQFWLRQRIDYDLODELOLW\RIZLQGDQG
ZLQGVSHHGDQGRUVXQOLJKWKRXUVHQHUJ\GHPDQGHWF
2.2. Scenarios assumptions 
)RUHFDVWLQJRIHFRQRPLFYDULDEOHVVXFKDVSULFHGHPDQGHWFZKLFKLVDGGUHVVHGWKURXJKWLPHVHULHVPRGHOOLQJ
DQGPDWKHPDWLFDOVLPXODWLRQVLVFRPPRQO\IRXQGLQHFRQRPLFOLWHUDWXUH6XFKVWXGLHVDUHFRQGXFWHGRQWKHEDVLVRI
FHUWDLQ DVVXPSWLRQV XQGHUPXOWLSOH VFHQDULRV$V WKH HOHFWULFLW\PDUNHW LQ(XURSH LV VHQVLWLYH WRPDQ\ IDFWRUV LW
SRVHKLJKHUG\QDPLFLW\7KHVHQVLWLYLW\LVKLJKHUEHFDXVHRIIROORZLQJUHDVRQVILUVWWKHSROLF\IUDPHZRUNWRZDUGV
HQHUJ\JHQHUDWLRQ LVKLJKO\VHQVLWLYH WR UHJXODWRU\FKDQJHVDQGDQ\QHZSROLF\ WKDW ODFN LQFHQWLYHVFRXOG OHDG WR
LQYHVWPHQWVUHGXFWLRQVHFRQG WKHGHPDQGRIRLOKDVUHGXFHGUHFHQWO\ZKLFKFRXOGDWWUDFW WKH LQYHVWRUV WR LQYHVW
PRUHLQQRQ5(6HYHQWXDOO\WKLVFDQLQFUHDVHWKHFDUERQIRRWSULQWVDQGFDUERQSULFHVWKLUGXQFHUWDLQW\LQWKHJULG
SULRULW\SROLFLHVFDQPDNHRQHWHFKQRORJ\SUHIHUUHGRYHUWKHRWKHU+RZHYHUDVRIQRZZLWKORZFDUERQSULFHVWKH
FRDO ILUHG SODQWV DUH PRUH DWWUDFWLYH WR LQYHVWRUV DQG FDQ EH RQH RI WKH UHDVRQV IRU KLJKHU FDUERQ HPLVVLRQV
1RQHWKHOHVVJHQHUDWLRQRIHQHUJ\ZLWKFDUERQHPLVVLRQVEH\RQGWKUHVKROGHPLVVLRQOLPLWVFDQLQFUHDVHWKHFDUERQ
SULFHVZKLFKFRXOGIXUWKHUUHVXOWLQPDNLQJ5(6WHFKQRORJLHVSUHIHUUHGRYHUWKHFRDOILUHGSODQWV
+RZHYHULWLVGLIILFXOWWRSUHGLFWDSDUWLFXODUWUHQGLQHQHUJ\7KHUHIRUHLWLVUHFRPPHQGHGWKDWVWXG\VKRXOGEH
FRQGXFWHGZLWK WKHFRPELQDWLRQVRIPXOWLSOHVFHQDULRV)LJSUHVHQWV WKHEDVLFFDWHJRULHVRQ WKHEDVLVRIZKLFK
VFHQDULRVVKRXOGEHVHOHFWHG
2.3. Grid investments 
7R DFFRPPRGDWH WKH HQHUJ\ VXSSO\ WKURXJK LQFUHDVLQJ 5(6 SURMHFWV WKH VWUHQJWK RI HOHFWULFLW\ JULG LV DOVR
H[SHFWHGWRLQFUHDVHFRQVLGHUDEO\*ULGLQYHVWPHQWDQGILQDQFLDOUHWXUQSHULRGDUHFUXFLDOWREHDQDO\VHG,QPRVW
RI WKH FXUUHQW VWXGLHV LW LV PHQWLRQHG WKDW HQHUJ\ SULFHV FRXOG IDOO LQ WKH ORQJ UXQ +RZHYHU ZLWK WKH KHDY\
LQYHVWPHQWV LQ JULG WKH FRVW FRXOG EH WUDQVIHUUHG WR FRQVXPHUVZKHUHE\ LQFUHDVLQJ WKH HOHFWULFLW\ SULFHV LQ WKH
ORQJUXQ
$V RQHRI WKHSULRULWLHV WKH(8KDV KLJKHU DWWHQWLRQ WRZDUGV LQYHVWLQJ LQ JULG SURMHFWV >@:LWK WKH FXUUHQW
HQWKXVLDVPLQ(8SROLFLHV'HQPDUNKDVODUJHVWQXPEHURIJULGGHYHORSPHQWSURMHFWVDQGWKHLQYHVWPHQWLQVPDUW
JULGLVH[SHFWHGWRJURZIXUWKHU)LJSXWVIRUWKWKHSDUDPHWHUVLPSRUWDQWIRUJULGDQDO\VLV
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ŵŽĚĞůƐ
 
'ƌŝĚŝŶǀĞƐƚŵĞŶƚƐ
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Ϯ͘/ŶǀĞƐƚŵĞŶƚƉĂƌƚŝĐŝƉĂƚŝŽŶĐŽƐƚƐ
ϯ͘ZĞŐƵůĂƚŝŽŶƐ
ϰ͘WƌĞǀŝŽƵƐĨƌĂŵĞǁŽƌŬƐ
ϱ͘WƌŽƉŽƐĞĚĨƌĂŵĞǁŽƌŬƐ
ϲ͘'ƌŝĚƐƚƌĞŶŐƚŚ
ϳ͘ǆŝƐƚŝŶŐŐƌŝĚƐĂŶĚƵƚŝůŝǌĂƚŝŽŶ

)LJ3URSRVHGFDWHJRULHVXQGHUZKLFKVFHQDULRVPXVWEHVHOHFWHG)LJ3URSRVHGYDULDEOHVIRUWKHVWXG\RIJULGLQYHVWPHQWV
7KH YDULDEOHV UHODWHG WR VPDUW JULG LQYHVWPHQW VXFK DV SDUWLFLSDWLRQ FRVW UHJXODWRU\ SROLFLHV KLVWRULFDO
IUDPHZRUNVSURSRVHGIUDPHZRUNVJULGVWUHQJWKRIH[LVWLQJDQGSURSRVHGSURMHFWFDQJLYHXVDGLUHFWLRQRIWUHQG
WKDWFRXOGEHDGGUHVVHGLQWKHSURSRVHGPHWKRGRORJLFDOIUDPHZRUN
0HWKRGRORJLFDOIUDPHZRUN
7KH YDULDEOHV PHQWLRQHG LQ )LJXUHV ± FRPELQH WRJHWKHU IRU WKH GHYHORSPHQW RI SURSRVHG PHWKRGRORJ\
IUDPHZRUNIRUWKHIRUHFDVWLQJRIHOHFWULFLW\UHWDLOSULFHVLQWKHORQJUXQ7KHTXDOLWDWLYHRSLQLRQVRIHQHUJ\H[SHUWV
SROLF\PDNHUV UHJXODWRU\ ERGLHV HWF DUH YHU\ LPSRUWDQW DQG SURYLGH VLJQLILFDQW LQSXWV WR WKH VWXG\ 7KH )LJ 
SURSRVHVDGHWDLOHGPHWKRGRORJ\IRUWKHH[HFXWLRQRIWKLVVWXG\7KHFRVWDVVRFLDWHGWRHQHUJ\GLVWULEXWLRQQHWZRUNV
DQGRWKHUFRVWVIURPGHOLYHULQJRIHQHUJ\IURPZKROHVDOHPDUNHWWRWKHFRQVXPHUVLVDVVXPHGWRJURZDWWKHSDFHRI
LQIODWLRQ7KHHOHFWULFLW\SULFHIRUWKHHQGFRQVXPHULVDIXQFWLRQRIPDUNHWSULFHEDVHGRQVKRUWUXQPDUJLQDOFRVW
GLVWULEXWLRQFRVWJULGVHUYLFHVDQGWD[HV


)LJ0HWKRGRORJ\IRUWKHORQJUXQHOHFWULFLW\SULFHIRUHFDVWLQJUHWDLO
&RQFOXVLRQ
7KH FXUUHQW SURSRVDO IRU WKH PHWKRGRORJ\ RI HOHFWULFLW\ SULFH IRUHFDVWLQJ LV EDVHG XSRQ WKH FRPELQDWLRQ DQG
LQSXWV RI WKUHH PDMRU VXE VWXGLHV QDPHO\ SURMHFW HYDOXDWLRQ DQG ORDG HVWLPDWLRQ VFHQDULR DQDO\VLV DQG
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LGHQWLILFDWLRQ RI GLIIHUHQW WUHQGV DQG JULG LQYHVWPHQW DQDO\VLV 7KLV DUWLFOH SXWV IRUWK WKH EULHI RI DOO WKH WKUHH
VWXGLHV7KHFXUUHQWHQHUJ\OLWHUDWXUHRQHOHFWULFLW\SULFHIRUHFDVWLQJLVIRFXVHGRQWKHVKRUWUXQSULFHSUHGLFWLRQVLQ
WKHGD\DKHDGHOHFWULFLW\ZKROHVDOHPDUNHWV+RZHYHUWKHHQRXJKLQVWDQFHVRIWKHORQJUXQSULFHIRUHFDVWLQJLVQRW
HYLGHQWLQWKHUHFHQWOLWHUDWXUH7KXVWKLVSURSRVDOZRXOGEHDFRQWULEXWLRQWROLWHUDWXUHLQIROORZLQJZD\V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